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a b s t r a c t 
The state of a low-temperature embrittlement (cold brittleness) and dislocation mechanisms for forma- 
tion of the temperature of a ductile-brittle transition and brittle fracture of metals (mono- and polycrys- 
tals) with various crystal lattices (BCC, FCC, HCP) are considered. The conditions for their formation con- 
nected with a stress-deformed state and strength (low temperature yield strength) as well as the fracture 
breaking stress and mobility of dislocations in the top of a crack of the fractured metal are determined. 
These conditions can be met for BCC and some HCP metals in the initial state (without irradiation) and 
after a low-temperature damaging (neutron) irradiation. These conditions are not met for FCC and many 
HCP metals. In the process of the damaging (neutron) irradiation such conditions are not met also and the 
state of low-temperature embrittlement of metals is absent (suppressed) due to arising various radiation 
dynamic processes, which increase the mobility of dislocations and worsen the strength characteristics. 
© 2016 The Authors. Published by Elsevier Ltd. 
This is an open access article under the CC BY-NC-ND license 
( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 
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2. Introduction 
At rather low temperatures (around and below the room tem-
erature) in metals (mono- and polycrystals) with different crys-
al lattices (with body-centered-cubic lattice – BCC, some with
exagonal-close-packed lattice – HCP) the state of low-temperature
mbrittlement (LTE) or cold brittleness arises, characterized by the
emperature (a narrow interval of temperatures) of the ductile-
rittle transition T dbtt . Below this temperature a brittle fracture of
 metal (product) is possible [1–8] . In metals with face-centered-
ubic lattice (FCC) and in many metals with HCP crystal lattice the
TE state does not arise. The physical-mechanical mechanisms for
ormation of the LTE state and brittle fracture of metals in different
tates are still insuﬃciently deﬁned. The researches in this ﬁeld are
onducted on the basis of the methods of the fracture mechanics,
heories of dislocations, internal stresses and speciﬁc features of
he interatomic interactions in metals of different crystallographic
lasses [1–18] . 
The work is devoted to discussion of the dislocation mecha-
isms for formation of the T dbtt and brittle fracture of metals in∗ Corresoponding author at: A .A . Bochvar High-technology Research Institute of 
norganic Materials (JSC “VNIINM”), 123098 Moscow, Russia. Tel.: + 7 499 1903605. 
E-mail address: vmchernov@bochvar.ru (V.M. Chernov). 
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Please cite this article as: V.M. Chernov et al., Low-temperature embr
Dislocation mechanisms, Nuclear Materials and Energy (2016), http://dhe LTE state. It determines the conditions of their occurrence in
etals (mono- and polycrystals) in different states (initial, neu-
ron irradiated and during neutron irradiation) with different crys-
al lattices (BCC, FCC, HCP). On the basis of these conditions and by
he nondestructive ultrasonic internal friction technique, the tem-
erature conditions were determined for the LTE state ( T < T dbtt )
n BCC metals (reduced activation ferritic-martensitic steel Rusfer-
K-181: Fe–12Cr–2W–V–Ta–B, low activation alloy V–4Ti–4Cr) and
he reasons for its absence in FCC metals (austenitic steel E К-164:
e–16Cr–19Ni–2Mo–Nb–Ti–B). 
. Nucleation and growth of cracks 
In metals, under loading by an uniaxial tensile stress σ , a stress-
eformed state appears characterized in the crack plane by a nor-
al σ22 and shear σ12 stress components. Such a state determines
he stiffness of the metal loading λ= σ12 / σ22 . The stress compo-
ents in the crack plane are determined in its top (concentrator
f stress) by expression [6,16] σij (r) = σij (1 + (L/2r) 1/2 ), where 2L is
he length of a crack and r is the radius from the crack edge. In the
op of the crack the components σ22 (mode I) and σ12 (mode II)
an locally reach the theoretical values of the metal fracture stress
n rupture σth (normal stress) and on shift σsh (shear stress). For
pening of a crack with formation of a free surface in a metal, the
ormal critical stress in the top of the crack (mode I) is necessarynder the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 
ittlement and fracture of metals with different crystal lattices –
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Fig. 1. Inﬂuence of the temperature ( T 1 > T 2 ) and solid solution concentration of 
defects ( c 2 > c 1 ) on the stress dependence of the dislocation velocity v( σ) in ther- 
moactivated (low stress) and dynamic (high stress) areas of movement (scheme). 
Horizontal line is the sound velocity (asymptotic level for the dislocation velocity). 
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 equal to (or exceeding) σth = ( γE/a) 1/2 [19] . Here Е is the modulus
of elasticity, γ ≈ 0.1 Еa [14] is the speciﬁc surface energy, a is the
size of the crystal lattice parameter in the fracture direction. Close
to unity coeﬃcients, depending on the directions in the crystal lat-
tice (for all crystal directions the lattice parameter is determined
by size a) and type of the stress-deformed state of metal are omit-
ted. The practically important plane-deformed state (high stiffness)
of the ruptured metal determined by its volume (thickness) will be
considered. 
From the condition σ22 (a) = σth ≈ 0.32E , the critical value of
a normal stress for crack opening σcr = [2 Еγ /L] 1/2 ≈ 0.45E(a/L) 1/2 
follows. It coincides by the value with Griﬃth’s critical stress σGr 
= [2 Еγ /L] 1/2 for a crack opening (power criterion of Griﬃth [20] ),
obtained within the framework of the linear mechanics of fracture
and connecting the density of the elastic energy of the loaded
metal with its speciﬁc surface energy. Under action of the shear
stress component in the top of the crack (mode II), a local zone
of plasticity appears (of nucleation and movement of the edge
dislocations) with r c radius, in which the shear stress component
exceeds the yield strength σys . The value of r c = (L/2)( σ12 / σys ) 2 is
determined from condition σ12 (r) ≥ σ(r c ) = σys . The value of the
theoretical shear strength σsh =G/2 π [21] is determined in the
top of the crack by stress σsh (a) = 0.23G(a/L) 1/2 ( G is the shear
modulus). In the plasticity zone ( r < r c ), the deformation begins
ensured by the nucleation (Frank-Read sources) and mobility of
dislocations. The intragranular crack opening (rupture of inter-
atomic bonds) under action of σcr with formation of a free surface
should be ensured by a plastic (shear) deformation in the zone
of plasticity of the crack. If the work for the plastic deformation
(dislocation movement) exceeds the work for formation of a free
surface, the crack becomes "viscous" (does not spread). If the work
for the plastic deformation is less than the work for formation
of a free surface, there is an opening and increase of the crack
length. Spreading of the front of the crack cannot take the lead
over the dislocation, moving in its plasticity zone. The speed of
the leading dislocation deﬁnes the speed of the crack front. The
plastic deformation (movement of dislocations) always precedes
the growth of a crack and brittle fracture [22] . 
The basic models of cracks, their nucleation and spread-
ing in metals (products) are based on dislocation conceptions
[1,3,6,9–15] . The relief of a ﬁeld of the internal stresses in the
dislocation slipping plane (relief resistance to its movement) de-
ﬁnes the mobility (slipping) of a dislocation (metal strength). The
relief of the stresses is formed by a crystal lattice (slipping system,
Peierls barrier) and its defects as heterogeneities and sources of
the internal stresses (solid solutions, clusters, phases, dislocations,
etc.). 
The nucleation and prior-to-macroscopic crack growth (the ﬁrst
stage of fracture) is characterized by the nucleation and thermoac-
tivated mobility (slipping) of the dislocations. The dislocation mod-
els of the process include a typical dimensional parameter, deter-
mining the distances between the structure elements in polycrys-
tals (grain boundaries, substructure, phase particles, twins). This
parameter determines the size of the plane dislocation accumu-
lation and the number of dislocations in such an accumulation,
pressed by a shear stress to the stopping structure barrier (hin-
dered shift). The strengthened stress in the head part of a disloca-
tion aggregate is a source of nucleation and prior-to-macroscopic
crack growth. In the monocrystals, the characteristic mechanisms
of nucleation and prior-to-macroscopic crack growth are a sub-
structure and dislocation reactions in the crossed slipping planes.
At the stage of intragranular spreading of the nucleated macroc-
rack (the second stage of fracture), the mechanism, which ensures
its opening, is the nucleation and mobility of dislocations in the
plasticity zone of the crack. Please cite this article as: V.M. Chernov et al., Low-temperature embr
Dislocation mechanisms, Nuclear Materials and Energy (2016), http://d. Mobility of dislocations 
Depending on the applied stress (shear component in the slip
lane) and temperature, the mobility of dislocation is characterized
y a thermoactivated (small stresses) and dynamic (big stresses)
reas ( Fig. 1 ) [12,13,15,23–27] . 
In the thermoactivated area, one can observe dependences of
he dislocation speed on the stress (power law with exponent sig-
iﬁcantly greater than unity) and on the crystal structure (slip sys-
em, crystal relief, concentration of defects). The higher is the tem-
erature, the higher is the dislocation speed, and the power ex-
onent increases with an increase of the concentration of the de-
ects. The structural changes of the conditions of dislocation move-
ent, increasing the strength (low-temperature yield strength) of a
etal, shift the thermoactivated area of mobility to higher stresses
ith an increase of the stress in the beginning of the dynamic
rea. In the dynamic area (the beginning is evaluated by the stress
f σdyn ≈ 10 σys [23–25] ), one can observe a linear dependence
f the speed on the stress, a relatively weak dependence on the
tate of a metal and an inverse dependence of the speed of dis-
ocation on the temperature (the higher is the temperature, the
ower is the speed). For FCC metals the thermoactivated and dy-
amic areas of the dislocation speed are signiﬁcantly shifted to-
ards the stress reduction in comparison with BCC metals. The
peed of dislocations v in the dynamic area is determined by ex-
ression v = (b ·σ)/B , where b is the size of Burgers vector of dis-
ocation, σ is the shear stress, B is the coeﬃcient of viscous drag
f dislocations. The size B depends on the temperature (goes down
ith lowering of the temperature) and determined by the interac-
ion of a dislocation with the phonons, electrons and magnons. 
. Conditions for a low-temperature embrittlement and brittle 
racture of metals 
The following conditions determining the formation of the LTE
tate with a possibility of fragile fracture of a metal should be met
or opening and spreading of a crack at a stretching stress σ: 
(1) The stress-deformed state, forming the values of normal σ22 
and shear σ12 components of the applied stress in the crack
plane, should be stiffness enough (plain-deformed state)
at large values of σ12 and σ22 components. The stage of
nucleation and prior-to-microscopic crack growth (the ﬁrst
stage of fracture) is deﬁned by the shear stress component,
and its duration depends on the speed of nucleation and
thermoactivated mobility of dislocations and strength (low-
temperature yield strength). The second stage of fracture isittlement and fracture of metals with different crystal lattices –
x.doi.org/10.1016/j.nme.2016.02.002 
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Fig. 2. Temperature dependences of the impact toughness W and the logarithmic 
decrement δi for the V-4Ti-4Cr alloy after plastic bending. 
T,K
100 150 200 250 300
δ i,
10
-5
0
2
4
6
8
10
10
20
30
40
50
60
0
W
,J
/c
m
2
δi
W
Steel EK-181
Fig. 3. Temperature dependences of the impact toughness W and the logarithmic 
decrement δi for the RAFMS Rusfer- EK-181 of high yield point σb after plastic 
bending. 
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c  deﬁned by the joint action of the normal (crack opening –
rupture of the interatomic bonds) and shear (crack length-
ening) components of the stress, strengthened in the crack
top (stress concentrator). 
(2) Normal stress at the front of the macroscopic crack (mode
I ) should exceed the critical metal fracture breaking stress
σcr = [2 Еγ /L] 1/2 ≈ 0.45E(a/L) 1/2 , ensuring opening of the
crack with formation of a free surface. This condition coin-
cides with the Griﬃth’s criterion for crack opening. 
(3) The shear stress in the plasticity zone of a crack (mode II )
σdyn should ensure nucleation and mobility of a disloca-
tion in the dynamic area ( σdyn ≈ 10 σys ). The relief of re-
sistance to the dislocation movement and the temperature
should ensure high starting stress for the nucleation of a
dislocation and achievement of the dynamic area of its mo-
bility. The speed of spreading (lengthening) of a crack is
deﬁned by the speed of a dislocation in the dynamic area
in the plasticity zone of the crack. The crack front cannot
leave behind the leading dislocation, moving in front of it in
the plasticity zone. The distance between the moving crack
top and the leading dislocation practically remains constant,
but their speeds can increase with an increase of the crack
length. 
(4) Coeﬃcient of viscous drag of dislocation В, which deter-
mines the speed and work during the movement of the dis-
location in the dynamic area in the plasticity zone of the
crack, should be less than critical value B cr (mode of “dry”
friction), in order to ensure a low level of the dynamic drag
of the dislocation with a small work for its travel ( B cr v < 2 γ)
in front of the opening crack. Condition B < B cr is met at
rather low temperatures and it deﬁnes the possible temper-
ature area of the LTE state of metals ( T < T dbtt ). 
The ﬁrst two conditions can be fulﬁlled in all metals irrespec-
ive to their crystallographic class. To meet the third condition it
s necessary to ensure the achievement of the dynamic area of the
islocation mobility. a rather high low-temperature yield stress de-
ned by a high resistance to the dislocation movement. This re-
uirement is executed by a high Peierls barrier and high energy of
lastic interaction of the dislocation with defects. This third condi-
ion is met by the directions of dislocation slipping (Burgers vec-
ors) along the crystal axes of symmetry of an odd order ( 〈 111 〉 for
CC and < 11 ¯2 3 > for HCP crystals). Practically all BCC metals and
lloys belong to the class with the odd axes of symmetry for the
lipping direction < 111 > . Only with certain HCP metals (for ex-
mple, beryllium, zirconium, zinc) the odd axes of symmetry for
lipping directions can be realized ( < 11 ¯2 3 > ). All FCC and many
CP metals have slipping directions with even axes of symme-
ry ( 〈 110 〉 and < 11 ¯2 0 > ), characterized by a small Peierls barrier
nd weak elastic interaction of the dislocations with point defects
rather low-temperature yield strength). 
The fourth condition determines the work for the viscous dis-
ocation movement in the dynamic area in the plasticity zone of a
rack deﬁned by the coeﬃcient of viscous drag B and speed of the
islocation. In case of a bigger viscosity of movement (bigger work
or dislocation movement, B cr v > 2 γ), the crack does not grow. 
In nanocrystalline metals (the grain size is less than 100 nm),
he crack development is weakened (crack growth resistance
aises) because of the reduction of the sizes of the ﬂat aggrega-
ions of dislocations and the reduction of the quantities of dislo-
ations in them, and stress relaxation in the top of the growing
prior-to-macroscopic) crack during its interaction with the grain
order. In the highly texturized metals (a small axis of grain less
han 100 nm) the fracture strength will also raise, as well as its
nisotropy, depending on the mutual orientation of the crack plane
nd texture. Please cite this article as: V.M. Chernov et al., Low-temperature embr
Dislocation mechanisms, Nuclear Materials and Energy (2016), http://d. Cold brittleness of a metal and internal friction technique 
Amplitude-independent internal friction or logarithmic decre- 
ent δi , measured at vibration frequency of about 100 kHz (ultra-
onic) is an effective technique for the investigation of the mobil-
ty of dislocations and estimation of the coeﬃcient of their viscous
rag in metals [28,29] . At 10 0–30 0 K, the BCC (V–4Ti–4Cr alloy and
AFMS RUSFER-EK-181 steel of various technologies with different
ield strength σ b ) and FCC (EK-164 austenitic steel) metals de-
eloped as structural materials for the nuclear and thermonuclear
ower reactors [7,30,31] were investigated ( Figs. 2–5 ). The results
f internal friction experiments and their detailed analysis are pub-
ished in [29] . We present here only the most important facts. 
Fresh dislocations were introduced [29] in samples by a prelim-
nary small plastic bending before the beginning of measurements.
t is well known that the bending introduces into the sample
n excess of edge dislocations of one mechanical sign. Only for
ent samples, one can notice a good correlation ( Figs. 2 and 3 )
f the temperature dependencies of the impact toughness W
nd the internal friction (logarithmic decrement δi ). It means
hat edge dislocations mobility (viscous dragging of edge dislo-
ations) is responsible for the low temperature embrittlement.ittlement and fracture of metals with different crystal lattices –
x.doi.org/10.1016/j.nme.2016.02.002 
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a  After a straightening of the specimen, the decrement decreases
considerably and the curvature of the δi ( T ) dependence near T dbtt 
disappears almost completely ( Fig. 4 ). Note that the straightening
introduces into the sample almost equal quantity of dislocations
of opposite mechanical sign. It leads to annihilation of edge dis-
locations and the level of internal friction decreases. If the sample
is bent in opposite direction there are in the sample an excess of
edge dislocations of another mechanical sign. 
The temperature of the sharp increase of the amplitude-
independent internal friction in BCC metals is close to T dbtt de-
termined from the impact experiments ( Figs. 2 and 3 ). This tem-
perature depends ( Fig. 5 ) on the structural-phase state of a metal
(low temperature yield stress σ b ). In BCC metals at temperatures
below T dbtt , there is a lower, compared to FCC metals, level of the
internal friction (“dry” friction). It is clearly seen in Fig. 5 . The in-
ternal friction in FCC metal (steel EK-164) is considerably higher
(an order of magnitude) than in BCC steel EK-181. High viscosity
of the dislocation movement in FCC metal demands high energy
consumptions. It ensures a relaxation of the elastic stresses at the
front of the crack. So, the crack opening stops and brittle fracture
does not occur. 
6. Dislocation mobility and cold brittleness of metals under 
damaging (neutron) irradiation 
Low-temperature (up to ∼700 K) damaging (neutron) irradia-
tion of the metals showing cold brittleness without irradiation
(BCC, etc.) results in an increase of the initial (before irradiation)
values of temperature T dbtt in the irradiated metals. It is the phe-
nomenon of the low-temperature radiation embrittlement – LTRE
(depending on the irradiation temperature and dose) [6,7,32–37] .
Such an increase of T dbtt in the irradiated metals (the strongest
at small doses) is deﬁned by an additional radiation hardening af-
ter an irradiation. At high irradiation temperatures (over ∼700 K),
an increase of T in the irradiated metals is practically not ob-dbtt 
Please cite this article as: V.M. Chernov et al., Low-temperature embr
Dislocation mechanisms, Nuclear Materials and Energy (2016), http://derved. This effect makes the basis for the methods of annealing
over ∼800 K) of the products for nuclear technologies irradiated
t low temperatures to recover the initial (before irradiation) func-
ional properties [32,36,37] . 
In the works studying the LTRE state and its consequences (rise
n T dbtt ), it is assumed that the LTRE state deﬁned during the
ests of the irradiated samples (without a neutron irradiation) re-
ains in a metal during the irradiation also. However, there are
o grounds for such a conclusion. The properties of metals dur-
ng and after irradiation differ considerably. Researches (theoreti-
al, experimental, modeling) of the mechanical properties and dis-
ocation mobility show essential qualitative and quantitative dis-
inctions before, in-the-process and after irradiation of metals [23–
9,32–52] . In the irradiated (additionally strengthened) metals, it is
he same mechanisms of mobility of dislocations, nucleation and
rowth of cracks that are realized but in the irradiation-changed
depends on the irradiation temperature and dose) structure of
he samples (concentration of defects and their state, radiation-
nduced segregations, etc.). Research of the mechanical properties
nd dislocation mobility in the irradiated samples demonstrates
onsiderable changes only in the thermoactivated areas of the dis-
ocation mobility. There an increase of the speed level shift in the
irection of a higher stress with an increase of the dose of the
ow-temperature irradiation is observed. In the dynamic areas of
islocation mobility, the character of dislocation movement in the
rradiated metals changes insigniﬁcantly. With an increase of the
rradiation dose, the level of the stress raises for beginning of the
ynamic area in the irradiated samples. This corresponds to an in-
rease of the temperature T dbtt . 
The damaging (neutron) irradiation in metals causes dynamic
rocesses determined by the radiation defects (generation and
oss, radiation “jolting”, long-range action) and accompanied by
mergence of the dynamic phenomena (elastic waves of shifts
nd stresses). They can inﬂuence considerably the mobility ofittlement and fracture of metals with different crystal lattices –
x.doi.org/10.1016/j.nme.2016.02.002 
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(
Rhe dislocations (increase) and mechanical properties of metals
weakening) under irradiation, strengthening with lowering of the
emperature of irradiation. The dynamic waves of displacement
stress) abate with the distance r more slowly ( ∼1/r ), than the
tatic ones ( ∼1/r 2 ), which deﬁnes the long-range inﬂuence of the
ynamic displacements on the evolution (mobility) of the disloca-
ions and on the functional properties of metals under irradiation.
s a whole, it was pointed out that under the damaging (neutron)
adiation inﬂuences: (1) in the metals, irradiated at low tem-
eratures, the dislocation mobility decreased (the yield strength
aised), (2) during irradiation, the dislocation mobility raised (the
ield strength went down), (3) elastic modules decreased under
rradiation, (4) during irradiation the creep rate increased, and the
ower was irradiation temperature, the higher was the inﬂuence
f irradiation, (5) the higher was the ﬂux of a neutron irradiation,
he stronger were the changes in the deformation rates (creep), (6)
he radiation creep rate did not depend on the irradiation dose. 
Such changes of the characteristics of metals and dislocation
obility under the low-temperature damaging (neutron) irradia-
ions allow one to draw a conclusion, that the speciﬁed conditions
f the LTE state (the T dbtt formation) and brittle fracture of metals
 Section 4 ) in the process of an irradiation will not be met (essen-
ially weakened). The phenomenon of LTRE in metals in the pro-
ess of a low-temperature damaging (neutron) irradiation is absent
suppressed) because of the radiation dynamic processes. After a
ow-temperature damaging irradiation (including pulse neutron ir-
adiations) of metals and alloys, which demonstrated a cold brittle-
ess state before an irradiation (BCC, etc.), the danger of their brit-
le fracture (LTRE) increases because of the residual radiation hard-
ning (depending on the temperature and the irradiation dose),
aising the initial (before the irradiation) temperature T dbtt . 
. Conclusions 
Concerning the mechanisms of the LTE state (cold brittleness)
nd brittle fracture of metals (products) with different crystal lat-
ices (BCC, FCC, HCP) under action of the external stretching stress
nd damaging irradiation, it is possible to draw the following con-
lusions: 
1. The LTE state (formation of temperature T dbtt ) with a pos-
sibility of brittle fracture is a characteristic property of the
metals (mono- and polycrystals) with high values of Peierls
barrier and high energy of the elastic interaction of dis-
locations with point defects (high low-temperature yield
strength). The conditions are met for the directions of dis-
location slipping (directions of Burgers vectors) along the
odd axes of symmetry of the crystal lattices (type 〈 111 〉 in
BCC and < 11 ¯2 3 > in HCP metals). Practically all BCC met-
als (steels and alloys) belong to the class with the odd axes
of symmetry 〈 111 〉 . It is only in some HCP metals (for ex-
ample, beryllium, zirconium, zinc) and alloys on their basis
for which the odd axes of symmetry < 11 ¯2 3 > can be real-
ized and the effect of the cold brittleness be revealed. All
FCC and many HCP metals have slipping directions with the
axes of an even order ( 〈 110 〉 and < 11 ¯2 0 > ), distinguished
by a small Peierls barrier and weak elastic interaction of
the dislocations with the point defects (relatively small low-
temperature yield strength). 
2. The critical conditions appear, the simultaneous fulﬁllment
of which determines the LTE state and brittle fracture of a
metal (product): 
2.1. Realization of the plain-deformed state of the loaded metal
characterized by a high stiffness at rather big values of the
normal and shear components of the external stress in the
crack plane. The ﬁrst stage of fracture (nucleation and prior-Please cite this article as: V.M. Chernov et al., Low-temperature embr
Dislocation mechanisms, Nuclear Materials and Energy (2016), http://dto-macroscopic crack growth) is deﬁned by the shear com-
ponent of stress and the thermoactivated mobility of the dis-
locations. The second stage of fracture (an avalanche spread-
ing of a crack) is determined by the normal and shear com-
ponents of the stress in the crack plane, providing the con-
ditions necessary for the crack opening and spreading. 
2.2. The normal critical stress in the crack top (mode I), deﬁning
the condition necessary for its opening (rupture of the in-
teratomic bonds), should reach the values of the metal frac-
ture breaking stress σcr = [ Еγ /L] 1/2 ≈ 0.45E[a/L] 1/2 (equal by
value to Griﬃth’s stress σGr ). 
2.3. The shear stress in the crack top σdyn (mode II) should
exceed essentially the yield strength σys ( σdyn ≈ 10 σys )
for creation of a plasticity zone and achievement in it of
a dynamic area for the dislocation mobility. The front of
the spreading crack cannot overtake the dislocation moving
in the plasticity zone of the crack and deﬁning the speed
of its spreading. The distance between the moving top of
a crack and a leading dislocation will be practically con-
stant. The factor of viscous drag of the dislocations B should
reach (less) the value of B cr deﬁning the dislocation mobility
("dry" friction mode) in the dynamic area with small work
for its movement in the plasticity zone ( B cr v < 2 γ), ensur-
ing a crack opening with formation of a free surface (state
of cold brittleness and brittle fracture). The condition B <
B cr determines the temperature area of the LTE state ( T <
T dbtt ). 
3. Non-destructive amplitude-independent ultrasonic internal 
friction allows one to estimate the temperature of T dbtt de-
ﬁned from the impact toughness experiments. At tempera-
tures above T dbtt , there is a sharp growth of the internal
friction. This is due to increasing viscous drag of the edge
dislocations. 
4. At a low-temperature damage (neutron) irradiation (up to
∼700 K) the temperature T dbtt in the irradiated BCC met-
als and alloys increases because of their radiation hard-
ening, which remains after the irradiation (the LTRE state
is formed). Additional post-radiation annealing of irradiated
metals at temperatures over ∼800 K lowers their T dbtt be-
cause of reduction of the concentrations and states of the
radiation defects (reduction of the low-temperature yield
strength). 
5. In the process of a low-temperature damaging (neutron) ir-
radiation of metals (steels and alloys), which demonstrated
the LTE state before the irradiation (BCC, etc.), temperature
T dbtt does not raise and the fracture strength (plasticity) in-
creases because of many arising radiation dynamic processes
(“jolting”, reduction of the elastic modules, long-range ac-
tion, etc.), which reduce the critical shear stress for begin-
ning of the movement of dislocations (reducing of the low
temperature yield stress), increasing the dislocation mobil-
ity and relaxation of stresses in the crack’s plasticity zone.
In the structural metals and alloys (BCC, etc.) of the operat-
ing nuclear and thermonuclear reactors (in the process of a
neutron irradiation) the state of LTRE with the fragile frac-
ture practically will not be realized (essentially suppressed). 
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